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II. FURTHER STUDIES ON THE OVERALL CHEMICAL COMPOSITION OF LIPIDS
FROM NORMAL AND PATHOLOGICAL HUMAN STRATUM CORNEUM*
VICTOR R. WHEATLEY, Pn.D.t AND PETER FLESCH, FH.D4
In a previous report (1) we described some
studies of the lipids from human horny layers.
We have continued this work using improved
extraction and analytical techniques. The re-
sults confirm and amplify our previous find-
ings.
MATERIALS AND METHODS
Extraction of horny layer lipids. Twelve samples
of horny layer materials were obtained, usually in
large, pooled batches, so that adequate amounts
of lipids could be extracted for analytical studies.
The materials obtained were as follows: shed
scales from five patients with psoriasis, three with
ichthyosiform erythroderma, one with ichthyosis
simplex and one with an exfoliative dermatitis of
unknown etiology, and two pooled specimens of
normal stratum corneum obtained by the method
of Kligman and Christophers (2). Preliminary ex-
tractions and pulverization were performed as al-
ready described (1), except that hexane was used
in place of ethyl ether. (The use of ethyl ether
has been avoided throughout the present study in
order to minimize possible oxidation of phospha-
tides which may be present in the stratum cor-
neum). These preliminary extractions remove se-
baceous lipids and water soluble materials. The
"fat-free", water extracted, dried pulverized horny
layer material, which remained after the prelimi-
nary treatments, was then extracted with a mix-
ture of chloroform and methanol (2:1), subse-
quently referred to as solvent CM. The horny
layer materials were allowed to remain in contact
with this solvent for a period of two weeks during
which the solvent was changed several times. In
general, solvent CM removed most of the horny
layer lipids; varying amounts of lipid remained
in the scales. These residual lipids were removed
by the following procedure: A sample of residual
scales, usually 2 g, was saponified by refluxing for
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several hours with 0.5 N alcoholic KOH. At the
end of the saponification period the contents of
the flask were acidified with HC1 and the ethanol
removed as completely as possible in a rotary-
film evaporator. The residue in the flask was then
transferred to an extraction thimble with the aid
of added fat-free Hyflo-Supercel (Johns-Mans-
yule). The extraction thimble was placed in a
Soxhlet apparatus and extracted with chloroform
for several hours. The residual lipids were weighed
after removal of the chloroform; they were not
further studied at this time.
The solution of horny layer lipids in solvent
CM was evaporated to dryness, the lipids trans-
ferred and weighed. They were then studied as
described below. The separation into alcohol-solu-
ble and keratin-bound horny layer lipids (1) was
not performed in these studies. No difference in
composition was observed whether the lipids were
obtained by etxraction with alcohol or with sol-
vent CM. It was concluded that ethanol was a less
efficient solvent for the horny layer lipids than
solvent CM and that the division into alcohol-
soluble and keratin-bound components was purely
arbitrary based on incomplete extraction.
Fractionation procedure. Separation of the po-
lar 'proteolipids' from tile neutral lipids was
achieved by utilizing their different solubilities in
hexane. While the free fatty acids and neutral
lipids from cutaneous materials are freely soluble
in hexane at room temperature, the 'proteolipids'
and certain phosphatides arc insoluble. The fol-
lowing procedure was used. A sample of 100 mg of
the horny layer lipids was introduced into a 15 ml
stoppered conical centrifuge tube by means of sol-
vent CM, then all solvent completely removed.
Ten ml of hexane was added to the centrifuge
tube, the tube stoppered, thoroughly shaken, and
then centrifuged. After centrifugation the super-
natant was decanted into a separatory funnel. The
precipitate which remained in the centrifuge tube
was washed, with shaking followed by centrifuge-
tion, four times with 10 ml hexane and each wash-
ing decanted into the separatory funnel. The hex-
ane-insoluble, polar lipids, which remained in the
centrifuge tube, were transferred with solvent CM
to a tared flask and weighed after removal of sol-
vent. The hexane solution in the separatory funnel
contains free fatty acids and free neutral lipids.
The free fatty acids were extracted by shaking
successively with 20, 10, 10 and 10 ml portions of
0.06 N NaOH in 50% ethanol. The alkali extract,
however, still contained some neutral lipids; these
were removed by washing the extract four times
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with 25 ml hcxane. These washings were added to
the hexaoe remaining in the separatory funnel,
the solvent removed by evaporation, and the resi-
due of neutral lipids transferred and weighed. The
free fatty acids were recovered by acidifying the
alkali extract with 6 N HESOO, extracting four
times with 25 ml hexane, transferring and weighing
the recovered acids. The separated fractions con-
sisting of (a) free fatty acids, (b) neutral hpids,
and (c) polar hpids, were further examined as de-
scribed below.
Gos chromotogrophy. Gas chromatography fol-
lowed the procedure already described (1) with one
exception. It was observed that artifacts were pro-
duced when fatty acids, from cutaneous lipids,
were methylated by means of boron trifluoride
and methanol; the method was therefore dis-
carded. In this study methyl esters were prepared
by careful methylation with diazo-methane at low
temperature (3).
l'hin-layer chromatography (TLC). Substantial
modifications of the TLG techniques have been
made since our previous paper (1). In the modified
procedure (3) a comprehensive system of eight
different solvents of increasing polarity is used,
starting with solvent A (hexane) and ending with
solvent H (a mixture of chloroform:methanol:
water, 20:10: 1). When free fatty acids are present,
an additional solvent 51 is used, a mixture of
hexane:ether:acetic acid (80:20:1), made freshly
every day.
In most cases spots were detected with a single
general purpose reagent. The TLC plates were
sprayed with 50% sulfuric acid, then heated on a
hot-plate at 1500 C. Sterols and sterol derivatives
react first to give spots with characteristic colors;
with further heating all spots char. Photographs
were obtained by means of a Star Tech Camera
(Kodak) for permanent records. Other reagents
were used for the location of specific spots as pre-
viously described (1), with one exception. It was
found that the ammonium molybdate-perchloric
acid reagent was non-specific for phosphatides; this
was replaced by the reagent of Dittmer and Lester
(4).
For the study of carbohydrates the TLC meth-
ods were discarded in favor of the older methods
of paper chromatography, as described below.
Paper chromatography. Techniques of ascending
paper chromatography for the study of carbohy-
drates were as follows. Mucopolysaccharides were
detected with the procedure of Castor and Dorste-
wits (5); hexoses, hexosamines and uronic acids
in hydrolyzates with Smith's methods (6). The
latter compounds were separated with an isopro-
panol-water solvent mixture. The aniline-diphen-
ylamine reagent was used to detect hexoses and
uronic acids; the Elson-Morgan reagent for hex-
osamines.
Column chromatography. An attempt was made
to use a column of silica for the preparative separa-
tion of the hexane-insoluble polar lipids. Stepwise
elution with chloroform, containing increasing
TABLE I
Non..sebaceous lipid content cf normal and
pathological horny layers
Sample Nature
Non-sebaceous lipids
Soluble sidual Total
(g/100 g scale)
1 Normal stratum cor- 4.4 2.2 6.6
oeum
2 Normal stratum cur- 3.1 3.3 6.4
neum
3 Psoriatic scales 3.2 2.1 5.3
4 " 4.5 0.7 5.2
5 " 2.0 3.2 5.2
6 " 8.1 3.4 11.5
7 " 5.7 0.5 6.2
S Scalasfromichthyos-
iform erythro-
derma
7.4 2.8 10.2
9 Scalestromichthyos-
iform erythro-
derma
9.6 0.7 10.3
10 Scalesfromichthyos-
ifurm erythro-
derma
5.9 0.6 6.5
11 Scales tram ichthyo-
sis simplex
8.7 1.3 10.0
12 Scales tram exfolia-
tive dermatitis of
unknown origin
5.6 3.7 9.3
amounts of methanol, was tried and portions of the
eluate examined by TLC.
Chemical determinations. Procedures, as de-
scribed previously (1), were used with the following
additions. Total hexuse was determined by the
anthrone method (7) and esterified fatty acids
with hydroxylamine (5).
RESULTS
The Lipid Content of Normal and
Pathological Horny Layers
The non-sebaceous lipid content of normal
stratum corneum and of the shed scales from a
variety of dermatoses is shown in Table I.
With one exception, the lipid content of nor-
mal and psoriatic material is markedly lower
than that of scales from the ichthyotic and
exfoliative conditions. Although there are
marked variations in the proportions of solu-
ble to residual lipid it is premature to assign
any significance to this finding. It probably
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TABLE II
Overall composition of the soluble non-sebaceous
honry layer lipids
Sample Natuee5
!
Free fatty Neuteal Polar Loss on
acids lipids lipids separation
(% soOthis lipids)
1 N 15.0 10.0 72.9 2.1
2 N 8.8 12.2 78.6 0.4
3 Ps 11.3 51.8 26.1 10.8
4 Ps 8.3 41.7 37.4 12.6
5 Ps 19.1 59.9 51.1 15.9
6 Ps 22.6 34.0 38.3 5.1
7 Ps 12.4 40.4 37.6 9.6
8 IE 9.2 15.0 75.3 0.5
9 IE 7.9 15.3 74.8 2.0
10 IE 11.7 16.0 69.1 3.2
11 Is 10.4 18.4 67.0 4.1
12 ED 5.3 24.2 68.7 1.8
* For details sac Table I.
reflects variations in the efficiency of the ex-
traction process and is related more to the
physical state of particular scale samples than
to real pathological changes in the nature of
the lipids.
General Overall Composition of the
Horny Layer Lipids
The overall composition in terms of free
fatty acids, neutral lipids and polar lipids for
the same series of scale samples is shown in
Table II. The free fatty acid content of the
lipids is similar for the normal and ichthyotie
conditions (average 11%), is somewhat
higher for the psoriaties (average 15%), and
somewhat lower or the exfoliative condition
(5%). The polar lipids show the most striking
changes. In the normals and in iehthyosiform
erythroderma they average 73.5% of the total
lipids, while in the psoriaties the average is
only 35%. In iehthyosis simplex and the ease
of exfoliative dermatitis the values are some-
what lower than the normals (average 68%).
Loss on fractionation has been recorded but no
attempt is made to interpret its possible sig-
nificance at this time. It is believed to be re-
lated to delipidation of proteolipids during
the fractionation process. Since this loss also
shows significant variations with the different
samples, it is possible that these reflect changes
in the proportions of more labile proteolipids.
Studies of the Neutral and Polar
Lipids By TLC
The neutral lipids and polar lipids from all
specimens were examined by TLC with the
solvent battery technique (3). A semi-quanti-
tative evaluation of the results is presented in
Table III. Only minor variations in the com-
position of the neutral lipids were observed
and these showed no relationship to the dis-
ease condition. The polar lipids, on the other
hand, revealed marked variations and these
changes were more characteristic for each dis-
ease condition. The polar lipids show a
wide variety of components which, for sim-
plicity, have been divided into three groups
(Table III). Group I includes those with R
between 0.8 and 1.0; Group II those with R
between 0.5 and 0.7, the majority of which give
positive reactions for sterols; Group III those
with R below 0.4, some of which were nm-
hydrin positive (detected as previously de-
scribed (1)). The separation of the three
groups is clear-cut but each group consists of
several components. The variations with dif-
ferent diseases was particularly noteworthy
with the Group II polar lipids, as the R of
each component was different in each patho-
logic condition. Marked differences were ob-
served also with the Group III polar lipids.
Significant amounts of ninhydrin positive
compounds were found in the lipids from
psoriatie scales; there were only traces of such
compounds in normal stratum corneum or the
scales from other dermatoses.
Careful examination or the presence of
phosphatides, using the specific reaction of
Dittmer and Lester (4), showed that in all
samples they occurred only in the Group III
polar substances.
Gas Chromatography of the
Free Fatty Acids
The isolated free fatty acids from all spec-
imens were first examined for contaminants
using TLC (solvent Si), further purified if
necessary, then methylated by means of diazo-
methane. The resulting methyl esters were then
examined by TLC (Si) for the presence of
methylation artifacts. If then satisfactory, they
were subjected to gas chromatography. In all
eases the ehromatograph pattern was relatively
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simple; the major components were the n-C16,
n-C18 and unsaturated C18 acids, with only
traces of other components. In particular, in
almost all of these purified specimens, only
traces of acids with chain lengths longer than
C were detected. These results are in contrast
to our previous findings and show that many
of the acids formerly detected (1), were either
contaminants or methylation artifacts.
No difference in the composition of the free
fatty acids from the different disease con-
ditions could be demonstrated.
Attempts to Isolate Individual
Polar Lipids
Preliminary studies were made to select
methods for the fractionation of the polar
lipids on a preparative scale. Although the
main objective was the isolation of all indi-
vidual fractions, it was decided to concentrate
these preliminary efforts on the isolation of
the Group II components from psoriatie scale of
lipids.
Experiments on the isolation of Group II
polar lipids. The separation of a sample of the
mixed polar lipids, from several different sam-
ples of psoriatie horny layer lipids was first
attempted on a 5 g column of silica. Step-wise
elution chromatography was used, starting
with chloroform and progressing through ebb-
roform-metbanol mixtures to pure methanol. The
eluted fractions were examined by means of
TLC (solvent H). No satisfactory separation
was achieved. Studies with this method were
discontinued.
Attempts were then made to utilize pre-
parative TLC to isolate the desired fraction.
There are two basic problems in the use of
TLC for this separation. First, the silica sup-
plied for TLC is always badly contaminated
with lipid impurities and requires careful
purification. Secondly, the areas of the plate
which contain the appropriate components are
difficult to visualize. Neither diehlorofiuoreseein
nor rhodamine 6 G are sensitive for the de-
tection of this type of lipid compound and
furthermore they are eluted from the silica
when extracted with solvent CM. The addition
of a marker dye was then attempted. At first
basic fuehsin showed promise, and appeared
to move in front of the Group II polar lipids.
Unfortunately, fractions isolated by its use
were contaminated with fuchsin and, more-
over, were not ehromategraphieally pure. Fi-
nally a careful water spraying technique was
developed and used with some success. Some
20 mg of the appropriate fraction was isolated
in this manner which, on examination by
TLC, appeared to be free of both Group I and
Group III polar lipids and gave a single, some-
what elongated, spot. This material was sub-
jected to forther study.
Hydrolysis studies on isolated Group Ii
substance. Hydrolysis, for prolonged period,
with either 6 N HC1 or methanol-HC1 followed
by examination of the hydrolates by TLC pro-
cedures demonstrated that the following sub-
stances were liberated: cholesterol, methoxyl-
cholesterol, cholesta-3, 5-diene, some fatty acids
(methylated when methanol-HC1 was used)
and some hexosamine. No amino acids or phos-
phate were detected. More careful examination
showed that the only sterol liberated was cho-
lesterol and that the methoxycliolesterol and
eholestadiene were artifacts produced by the
HC1. Other studies indicated that the hexos-
amine could be N-aeetyl-galaetosamine and that
another unidentified carbohydrate was present;
no uronie acid was detected.
Hydrolysis with alcoholic alkali, followed
by TLC examination of the liberated lipids,
showed that only cholesterol and fatty acids
were produced.
Direct chemical determinations were per-
formed on the compound and in addition,
a molecular weight determination was car-
ried out by Rast Camphor method. The results
(cholesterol 17.9%, esterified fatty acids 3.2%,
hexese 3.2%, hexosamine 5.3%, molecular wt.
730) could account for only about a third of
the material. An ash content determination
gave a value of 31% indicating that the ma-
terial was heavily contaminated with silica.
An infra-red spectrum recorded for the ma-
terial is shown in Fig. 1. It is considered, how-
ever, that too few data are yet available for
chemical classification of this compound, or,
if it proves to be a mixture, of the major
component. An unusual, very polar cholesterol
compound thus appears to be present in the
Group II fraction which is not identical to the
sterylglucosides discovered in plant materials
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by Lepage (9), nor with the cholesterol glu-
curonidatc found in Cod corpuscle of Stannins
by Nagayama and Idler (10).*
Water-soluble "Lipids" of the
Horny Layer
Our results have suggested that the polar
lipids obtained from horny layers represent
fragments of much more complex lipid sub-
stances which are present in the skin either
prior to extraction or even prior to keratini-
zation. The substances we have obtained are
soluble in polar organic solvents, hence should
he called proteolipids. It is considered feasible
that our hypothetical complex lipid could also
break down into other fragments which are
more soluble in water and hence would be
classed as lipoproteins. In the preliminary
extraction of the scales, after extraction with
hexane to remove sebaceous lipid, the scales
are extracted with water to remove water-
soluble materials. Any lipoproteins would be
extracted at this stage. The appropriate aque-
ous extract from certain scale specimens was
examined in the following manner. Either the
aqueous extract was examined directly or it
was shaken thoroughly with chloroform and
the chloroform extract examined. The appro-
* The authors are indebted to Dr. Idler for
supplying a small amount of this substance for
comparison purposes.
priate extract was spotted onto filter paper and
subjected to chromatography using the solvent
system of Castor and Dorstewitz (5). Several
runs were made with each sample and the
paper either stained with Azur A or sprayed
with antimony chloride reagent and heated
(see (1) for details). No spots showed the true
metachromasia of acid mucopolysaccbarides,
but a sterol containing spot, moving with an
RF of about 0.85, was consistently present.
The presence of water soluble, sterol-contain-
ing, lipid complexes with either proteins or
perhaps neutral mucopolysaccharides thus ap-
pears highly probable.
DISCUSSION
The concept that there are lipids, other than
sehum, in close association with keratinous
structures is an old one dating back to the
"Hornschichtfette" of Unna (11). Keratinous
structures are the products of "dying" cells,
best termed keratinocytes, and their peculiar
type of death is often called differentiation.
Using the terminology or keratinous struc-
tures proposed by Mercer et a!. (12) and the
t While we have faithfully used the nomencla-
ture proposed by Mercer et a! (12) we do so with
reluctance and under protest for one specific
reason. They propose the terms intrafibrillar
matrix and intrafilamentous matrix for material
between the keratin fibrils and filaments respec-
tively. This is incorrect, the correct terms should be
interfibrillar and interfilamentous respectively.
4000 3000
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FIG. 1. Infra-red spectrum of Group II polar lipid fraction isolated from psoristic scales
(KB: Pellet).
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most acceptable structures for the protein
keratin, we can consider that these lipids
originate from the following sources:
(i) The lipid components of the inter-
cellular cementing substances;
(ii) The cell wall lipids of the keratinocyte;
(iii) The lipids derived from the sub-
cellular membranes of the undifferen-
tiated keratinocyte (e.g. mitochondria,
endoplasmic reticulum etc.,)
(iv) The protcolipids from the intrafibril-
lar matrix of keratin (12).
(v) The proteolipids from the intrafilamen-
tous matrix of keratin (12).
At present some of these sources are purely
speculative. We know nothing concerning the
intercellular cementing substance (which may
not even contain lipids), neither can we be
certain that the intrafibrillar and intrafila-
mentous matrix materials contain lipids, even
though they are electron-dense by electron
microscopy. Nevertheless the lipids of keratinous
structures must be derived from more than
one source and hence will be of diverse nature.
In addition to polar lipids, which are only
soluble in chloroform-methanol mixtures, ex-
traction with such solvents also yields appre-
ciable amounts of free lipids (readily soluble
in hexane) from horny layer materials pre-
viously defatted by means of hexane. It is ob-
vious, therefore, that during the extraction
process some breakdown of more complex pro-
tein-lipid compounds takes place and that the
substances finally extracted probably represent
fragments of this more complex material. In-
deed we have observed further breakdown of
the extracted polar lipid material on storage,
both in the dry state and in solution, at
refrigeration temperatures. Similar breakdown
has been observed in subsequent studies when
isolated fractions are reehromatographed either
on columns or on TLC plates.
The number of specimens which could be
studied in this investigation has been limited
by the complex nature of the chemical pro-
cedures and the need for large amounts of scale
materials for extraction. We have demonstrated
some differences in the composition of the
horny layer from normal subjects as compared
with those from the disease conditions and
in addition have shown certain variations
among the different diseases. Our data are
limited, hence it is premature to attach too
much significance to these variations. How-
ever, one variation is of some significance,
namely the differences in the nature of the
Group II polar lipids. As these compounds
give characteristic color reactions with sul-
furic acid, they can be detected much more
readily than other polar lipids and hence it
is possible to examine small specimens of
scales. Preliminary examination of several
small specimens, from various dermatoses, has
indicated that the observed variations are
probably characteristic for each different dis-
ease. We hope to be able to confirm this in
subsequent screening studies.
The Group II polar lipids appear to consist
of some unusual highly polar sterol com-
pounds which yield free sterols on hydrolysis.
It is now evident (particularly from obser-
vations resulting from the use of drugs, e.g.
triparanol, which inhibit cholesterol synthe-
sis) that a normal epidermal stcrol biosynthe-
sis is obligatory for the formation of a normal
horny layer. The unusual nature of these polar
sterol compounds and the apparent variations
in disease conditions strongly suggest to us
that in some unkoown fashion these com-
pounds are involved in the formation and
maintenance of a healthy stratum corneum. It
is important, therefore, that their chemical
structure and biological role arc elucidated.
No attempt has been made to assign any
biological function to these horny layer lipids
at this time. It can be readily demonstrated
that after extraction with solvent CM the
permeability of the epidermis to water is
markedly increased. Therefore it is likely that
these lipids are involved in epidermal water-
barrier function.
In this present paper we have used the term
proteolipid for lipid complexes containing
amino acids which are soluble in polar organic
solvents and the term lipoprotein for lipid-
protein compounds which are water-soluble.
We are of the opinion that some of the sub-
stances we are now studying belong to as yet
unrecognized classes of compounds. We arc thus
constantly faced with difficulties in nomen-
clature. The present nomenclature of protein-
lipid compounds is inadequate and in need
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of revision, but we trust that nomenclature
difficulties have not caused confusion in this
presentation.
SUMMARY
1. Improved analytical and extraction tech-
niques have been used to study the lipid sub-
stances which can be obtained from horny
layers only by prolonged extraction with polar
solvents. These studies have confirmed and
amplified our previous findings.
2. The horny layer lipids from both normal
and pathological materials have been examined
and some differences have been observed both
between the normal and pathological materials
as well as among the disease conditions them-
selves. The significance of these variations is dis-
cussed.
3. Polar sterol containing substances have
been demonstrated in all horny layer lipid
specimens. These compounds show marked
variations between the normals and the various
disease conditions. The possible role of these
substances in the normal metabolism of the
horny layer is discussed.
4. Our work does not permit to ascribe
horny layer lipids any particular biological
role. However, the possibility has been con-
sidered that these substances play a role in
the water-barrier function of the epidermis.
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